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EdisOtaUffi^ « whose activities are easily assayed when present 

Reporter enzymes are enzymes whose act. ^ by 

g alac,osidase. It is wtdely use « tort ^ b _ 

Ortrtd* co« con* an endogenous B-galacto ,d ^ ^ 

ge „e, me source of the enzyme, must be m« ^ ^ ^ 
use. One goal of the present uwention * to prov.de 

for use as a reporter. of ^ a cytopl asmic 

»*— rclateS r~U— alsocomprisese^ression 
formofteehitt.biaseenzymeasarepor.er. As used ha ein, all instances 

engineering or microbial selection technique, 
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g.immar y of the Invention 
One embodiment of the present invention is a method for characterizing a 
p[ omo,er comprising providing a construe, comprising the promoter operahiy Otod to 
a nucieie acid encoding a cytoplasmic form of chitobiase, introducing the constru* n«o 
5 host cel.s, and identifying sequences in the promoter which regulate transcr.pt.on ,eve,s. 
,„ one aspect of this embodiment the cytopiasmic form of chitobiase lacks a stgna! 
«e.lnanomeraspec«ofthisembodiment ; tenuc 1 eicacidencod 1 nga 

cytoplasmic form of chitobiase encodes a fusion protein which comprises a cytoplasm, 
form of chitobiase fused to a hetero,og„us polypeptide. In still another aspect of th.s 

of chitobiase obtained from an organism selected from the group conststmg of 
A ,,e— s P . 0-7, ***** Miana, BaciUus s M Us, Bon,^ *rt Bos .aurus, 

***** FeUs ecus, Hon*, sapiens, Kora,ca,s, U*~» 
, 5 donorani. Urn musculo Pisum M Porphyromoms gmg-vate 

L faii , Wi^, - In a firmer 

20 Ictingtranscriprioncomprisesmu^genizingntepromote, !„ another aspect of. ms 

comprises constructing deletions in the promoter. 

Another embodiment of me present invention is a meftod for .dent.fy.ng a 
regulatory element capable of directing or regulating transcription within a test nucletc 
25 acid sequence comprising providing a construct comprising the test nude, ac,d 

In one aspect of mis embodiment, me cytoplasmic form of chitobiase lacks as,gnal 
„, !n another aspect of mis embodiment the nucleic acid enco<hng a 
30 cy^o^mic form of chitobia* encodes a fusion protein, the fusion protem compr^mg 

aspect of mis embodiment, the nucleic acid encoding a cytoplasmic form encodes 
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^oplasmic forrnlhuobiase oMained from an organism selected from .he group 
mori B _, O-r**. I**-*- 

a— mm ™* «— *- e ~ 

• t„ anther asoect of this embodiment, the reporter gene 
Tfl^e eeUs and eu^ouc ceils. 1» another asc*c. of .his «*^ *> 

nnmnrise treating the host cells with toluene. The step ot 
" gte amoun.ofaehemi—.produc.producedfromasuhsua.e, 

sin- = ™- 

r—condUions. ta ,iU ano te aspee.„f * e^dimen^e s epof 

chit „biase aCivi* after con.ac.ing *e host celis wi* a compound o he .e,ed 
influence on the level of ttansription from siad regulartory element 

^i--^>---*--*• ,4,, *-- , -"" 

the host cells. 
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Mother eXdimen, of the present — is a fusion protein-reporter gene 
con,™, comprising a promoter operably Hnked to a nucieic acid enco .ng a 
7 • fLofcmtobiasefcsedinframewithanucleicactdencodmga 

^ Inhere* the heteroiogous peptide is not P -ga— 

Ws ,ofy«« fete «*•«. a*"" 0 ' K °"" . . 

aspect of this embodiment, the nucieic acid ftrther compnses a r, stte spec. 

comprising plasmid pJMF4. 

Another embodiment of the present mvention is a report g 

^"1:— tofthepresent — is a reporter gene — 
"^2: — -Present — 

OT r ^ of ^s embodiment, the nucieic acid is integrated in, a 

transiently expressed in the host cell. 
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Another eXiiment of the present invention is a nucleic acid encodmg a 
cytoplasmic form of chitohiase in which the signa. sequence of native chitobiase has 
heen inactivated or deieted. In one aspect of this embodiment, the signai sequence has 

been mutated to inactivate it ,.•,„,,;„„ 
An isolated or purified polypeptide comprising a cytoplasm* form of chrtob ase 
fused in frame with a heterologous polypeptide, wherein the heterologous polypeptide ,s 
not p-galactosidase or a portion thereof and wherein the heterologous priyp** does 
not contain a signal peptide. 

Another embodiment of the present invention is an isolated or punfied 
polypeptide comprising a cytoplasmic form of chitobiase in which the signa. pepti e o 
natwe Ltobiase has been inactivated or deleted. In one aspect of thts embodtment, me 
sienal sequence has been mutated to inactivate it. 

Anomer embodiment of the present invention is a method for morntonng the 
activity of a promoter comprising providing a construct comprising the promoter 
opembiyiinkedtoanucleicacidencodingacvtoplasmicformofcUtobiase 

in one aspect of this embodiment, the cytoplasmic form of chitobiase lacks a srgnal 
sequence. In another aspect of this embodiment, the nucleic acid encodmg a 
cylplasmic form of chitobiase encodes a fusion protein, the fusion protein compnsmg 
a Cytoplasmic fonn of chitobiase teed to a heterologous polypeptide, .n one aspect 
this embodiment, the nucleic acid encoding a cytoplasmic form encodes a cytopiasrmc 
form of chitobiase obtained from an organism selected from the g«,up consisting of 
M e— sp. 0-7, Aratiaopsis **~ Bad* suM„, Bon**: moH, Bos taurus, 
CanM****™ Can**""*" »««•«- E^oeta 
U s,o^ca, Fergus, Hon* sapiens. Kora,ca,s, LaCotacUlus casei, U*~~ 
domm ,, Mus musculus, Pisum sativum, Porphyromoms ginpvaUs, 
PseuCoaUeromonas s P . S9, Kam noxious, Serratia marcescem, SWomyces 
plical us, „ces*er m o«o, m Susscrofa, '^mer 
firtu*. Vmo^eyi, V< b rioparaHae m o,y<ic»s, and . 

anomer aspect of mis embodiment, the reporter gene construct ts mtroduced stab.y. >n a 
Lher aspect of this embodiment the host cells a« selected from the group consrsting 
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of photic JSL eukaryoUc ceUs. ,n ye, another aspect of this embodnnen the 
JL* — s penned or .ysin g -he host cells. For example, the 

another aspectof this embodiment, the step of determining the level of chrtob . 
Lity may he seiected from the group consisting of measuring the amoun o a 

fluorescent product produced from a substrate, measuring the amount of hght absorbed 

of ehitiobiase activity Wises determining me .evel of p—no 
^edfromasubstmte. In stiU another aspect of this embodimen^ to*,* 
I ermining the .eve. of chitobiase activity comprises determining the .eve. o 

, ,he host cells with a compound to be tested for ttsmfmence on the level 

compound to be tested for activity as a drug. 

BriefDescriEtiono^ 
Figure 1 mustra.es plasmids pJMFS and plMF4 — g a«P in 2 different 

indicated by (0; «« «anscrip,ion ,s >" ^ ^ ^ im7 . 

tofhetocpromoterregulatoryreg.onarefound.nD.ckson.R.c. , 

L^*.w^'-^ to ~ , - ,,,rtta,,,, " c " 
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the lac promoteS another promoter together with part of a coding region to produce 

an in-frame fusion with chb. 

Figure 3 depicts integration of chb fusions into the chromosome by site-specific 
recombination between attB and attP. The steps involved are described below and in 
Diederich, L.L, et aL, Plasmid 28:14-24 (1992), the disclosure of which is incorporated 
herein by reference in its entirety. 

Figure 4 illustrates plasmids pDYK9 and pDYKl 1 which contain dnoA-chb 
fusions. P DYK9 is deleted for the ^//regulatory region. The orientation of attP in 
pDYK9 and pDYKl 1 is the same as that of P JMF3. After integration at attB of the 
larger Notl fragment, the dnaA promoters are oriented to transcribe in the same 
direction as replication fork movement. 

Figure 5 illustrates the rmpH-dnaA regulatory region and ^-chitobiase fusion 
(SEQ ID NO: 17). The dnaA box and promoters are shaded, and the coding region of 
the dnaA gene is striped. The fusion contains two amino acids (between the 
backslashes) from P UC19. The region cloned into pDYK9 is between SphI primer II 
and Kpnl primer, and the region cloned into pDYKl 1 is between SphI primer I and 
Kpnl primer. The numbers above the primers refer to the nucleotide in the sequence 
amplified. For sequence numbering and the locations of promoters and protein bmdmg 
sites, see Froelich, J.M. et aL, J- Bacteriol. 178:6006-6012 (1996); Hansen, F.G. et al., 
EMBOJ 1:1043-1048 (1982) and Messer,W. and C.W.Weigel, Initiation of 
Chromosome Replication, p. 1579-1601 (1996) In F.C. Neidhart, R. Curtiss III, J.L. 
Ingraham E.CC. Lin, K.B. Low, B. Magasanik, W.S. Reznikoff, M. Riley, M. 
Schaechter and H.E. Umbarger (Eds.), Escherichia coli and Salmonella Cellular and 
Molecular Biology., ASM Press, Washington, D.C., the disclosures of which are 
incorporated herein by reference in their entireties. 

rwoii^ rv^ri ption of tfr > Purred Embodiment 
Reporter genes and reporter gene constructs play a number of important roles in 
a variety of molecular biology techniques. For example, reporter genes may be used to 
determine whether a sequence contains a promoter or other cis-acting element winch 
directs transcription, such as an enhancer. In addition, reporter genes may be used to 
identify regulatory sites in promoters or other cis-acting elements and to determine the 
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effects of mutative regulatory sites on the level of gene expression directed by the 
promoters or other cis-acting elements. Reporter genes may also be used to detect 
successful transformation. In addition, reporter genes may be used to monitor gene 
expression under various conditions and to identify drugs. 
5 The structure of a reporter gene construct containing the cytoplasmic form of 

chitobiase will vary according to its purposes. When the reporter gene construct is a 
vector one must decide between a vector that incorporates the reporter gene into the 
host's genome or one that replicates extrachromosomally, such as a plasmid. When the 
reporter construct is not designed to integrate into the host genome, the vector can 

0 contain an origin of re^ TtofeBtnW . 

provides the reporter gene vector the ability to replicate within the host cell in winch « 
has been introduced. In addition to the origin of replication, reporter constructs often 
contain a promoter, a multiple cloning site, a selectable marker, and of course a reporter 
gene. Reporter constructs for use in eukaryotic cells may also contain a polyA site 
15 adjacent to the reporter gene. 

Given the utility of reporter gene constructs, it is not surprising that a number of 
cytoplasmic reporter gene constructs and different reporter genes are available for use 
by those of skill in the art. For example, the cytoplasmic reporter enzymes 
chloramphenicol acetyltransferase (CAT), firefly luciferase, ^-glucuronidase (OUS), 
20 green fluorescent protein (GFP), and B-galactosidase have been used extensively. 

However, such reporters all have individual shortcomings that may limit or preclude 
their usage under some conditions. For example, high levels of GFP are toxic to the 
ceU In addition, reporter enzymes are no, expressed equally in all ce.l types nor are 
they equally stable when expressed in all cell types. Furthermore, mere is a recognrzed 
25 need for multiple reporter enzymes mat can be assayed independently of one another » 
order to simultaneously study the regulation of multiple genes within a single cell type. 
Therefore, there exists a continuing need to identify reporter enzymes wth useful 
properties. 

The cytoplasmic enzyme B-galactosidase is widely used as a reporter gene m 
3„ various microbiological and molecu.ar biological studies. This enzyme is used in bom 
,„ vitro and in v/vo assays. The wide acceptance of mis reporter system results, m part, 
because it is non-isotopic and exttemely flexible. It is used in a number of assay 
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formats and has flLody broad linear range. Nevertheless, because B-galaetosidase 
is present in the cytoplasm of various host ceUs such as Escterickia coH, deletion of the 
,acZ gene, the source of the enzyme, is often required prior to its use in a host cell 
system. One goal of tite present invention was to provide an alternative intiacelhuar 
enzyme for use as a reporter. 

An extensive discussion of various molecular biology techniques is avarlable m 
Ausubel et al., (eds) "Short Protocols in Molecular Biology" Wiley and Sons, Inc 
New York (. 997), me disclosures of which are incorporated herein by reference tn then 
entireties. Examples of such techniques include isolating and preparing DNA for 
manipulation, gel electrophoresis, polymerase chain reaction (PCR), determining 
nucleic acid sequences, screening nucleic acid libraries, mutagenesis of DNA, and 

introducing DNA into host cells. 

The structure of a reporter gene construct will vary according to its purposes. 
The reporter gene constructs are constructed according to standard techniques of 
molecular biology well known in the art. 

When the reporter gene construct is a vector, one must decide between a vector 
tfra, incorporates the reporter gene into the host's genome or one that rephcates 
extrachromosomaUy, such as a plasmid. When integration of the reporter gene ,s a 
desired result, a reporter gene construe, will contain sequences mat will faohtate 
incorporation. 

One example of integration sequences mat cant* included m areporter gene 
consult is tire X auP site. This site permits a single copy of tire reporter gene to be 
incorporated into a host bacterial genome. Integration-promoting sequences wrth utihty 
in mammalian cells include the .ong terminal repeats found in retroviral genomes. 
These sequences promote viral genome integration in a host genome and have been 
used extensively by to of ski!, in the art to promotethe integration of exogenous 

sequences in mammalian host cells. 

When tite reporter construct is not designed to integrate into tire hos, genome ,t 
„ common that the vector contain an origin of replication with activity in the hos, ce 1 
of interest. This feature provides the reporter gene vector the ability to rephcate wttiun 
the host cell in which it has been introduced. 




In addition* the origin of replication, reporter constructs will often contain 
additional features that promote the expression of the nucleic acid sequence or 
sequences contained in the construct. These additional sequences can include a polyA 
site a multiple cloning site, a drug resistance marker, and of course a reporter gene. 

Thepresentinventionrelatestotheuseofclutobiaseasareportergene. The 

chitobiase may be used as a reporter in bacteria, plants, mammalian cells and other host 
cell lines One possible alternative to using B-galactosidase as a reporter gene was to 
develop cytoplasmic N.N'-diacetylchitobiase (W-acetyl-B-D-glucosamimdase, EC 
3 2 1 30) for use as a reporter enzyme. One advantage of the enzyme AT-acetyl-B-D- 
glucosaminidase or -chitobiase" over B-galactosidase is that genes encoding chrtobtase 
are missing from many bacteria, including E coli, some fungi, and some eukaryotrc 
cells Thus, it is not necessary to engineer many host cells to lack reporter activity as ,s 
the case with B-galactosidase. The present invention also relates to various protem 
expression vectors that can be used to express the reporter gene. In addition, the present 
invention may be used in conjunction with other reporter enzymes in systems in winch 
the regulation or activities of multiple genes is to be studied simultaneously. 

Chitobiase is one of two enzymes that hydrolyze chitin, an abundant msoluble 
polysaccharide, to its monomeric unit, tf-acety lg lucosamine (GlcNac). Chitobiase is 
known to be present in a number of organisms. For example, the chitobiase enzyme ts 
known to be present in various genera including Arabidopsis, Bacillus, Bombyz, Bos, 
Caenorhabditis, Candida, Dictyostelium, Entamoeba, Felis, Homo, Korat, 
Lactobacillus, Leishnumia, Mus.Pisum, Porphyron*,™, Pseudoalteromonas. Rattus, 
Serratia, Streptomyces, Sus, Trichoderma, artd Vibrio. Specific examples of organtsms 
known to contain chitobiase include Alteromonas s P . 0-7, Arabidopsis thaliana. 
Bacillus subtilis, Bomby* mori, Bos taurus, Caenorhabdits c,e g ans, Candida albicans, 
Dictyostelium discoideum. Entamoeba histolytica Felis catus, Homo sapiens, Kara, 
cats Lactobacillus casei, Leishmania donovani, Mus musculus, Pisum sativum, 
Porphyromonasgingivalis, Pseudoalteromonas sp. S9, Rattus norvegicus, Serratta 
marcescens, Streptomyces plicatus, Streptomyces thermoviolaceus, Sus scrofa, 
Trichoderma harzianum, Vibrio furnissii. Vibrio harveyi , Vibrio parahaemolyticus, and 
Vibrio vulnificus. 
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One sourcSf the enzyme is the marine baeterium, Vibrio harveyi. Escherichia 
coli eells harboring a plasmid carrying the M gene from Vibrio harvcyi were reported 
,o produce the enzyme, whieh was found to be associated with the outer membrane of 
the bacteria! cells. These are described in Jannatipour, M. e. al., "Translocation of 
Vibrio harveyi W'-diacetylchitobiase to the outer membrane of Escherichia coll, J. 
Baoteriol MM785-3791 (1987) and Soto-Gil & Zyskind, W.W'-Diacetylchitobiase of 
Vibrio harveyi primary structure, processing, and evolutionary relationshtps. J. Brol 
Chem 2M 14778-H782 (1989), both of whieh are hereby incorporated by reference. 

The present invention contemplates expressed cytoplasmic forms of elutobiase 
in various forms. In one embodiment, the signal sequence is deleted from ft. ammo 
terminal portion of me protein. Presumably the removal of this sequence results » the 
expression of a cytoplasmic form of the enzyme that is no, secreted from the host ceil or 
incorporated into the membrane of the host cell producing the enzyme. 

The present invention also contemplates the generation of fusion proteins 
comprising a fcsion polypeptide joined in frame to chitobiase. Preferably, the fusion 
poiypep.idee.mprisesapolvpe^^^ . 
protein. The heterologous polypeptide may comprise a polypeptide having a tapped 
activity (such as an enzymatic or other activity besides activity as a. immunogen) or the 
he^ogouspolypeptidemaynothaveabiologicalactivity. The heterologous 
po.ypeptide does not include a signa! sequence which directs its secretion. Preferably 
the heterologous polypeptide is no, p-galactosidase or a portion thereof. Thus, the 
fusion reporter gene construe, cousins a sequence encoding the fusion polypeptide 
genetically fused in frame wi<h a sequence encoding chitobiase. In one embodiment 
mis fusion may remove tire amino-termina. signal peptide sequence of chitobrase and 
replace it with a heterologous protein. 

!„ another embodiment, tire fusion protein construct comprises a chttobtase gene 
sequence tha, has been truncated ,o remove a, leas, the signal peptide sequence of «he 
gene Alternatively, mu«ations may be introduced into the signa! peptide sequence so 
that it is no longer tonctional. Such mutations may be introduced using a vane* of 
techniques familiar to those skilled in the art, including site directed mutagenesrs, 
cassette mutagenesis, and chemical mutagenesis. 
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Once the r^orter gene construct is made it is induced into a hos, cell hne for 
testing Host ceils of prokaryotic and eukaryotic origin can be used with the reporter 

Lduce reporter gene constructs into host prokaryotic ceiis. For example bac ena can 
„e transformed using calcium chloride, electroporation, or viral vectors such as «h 
filamentous plages. These and other prokaryotic transformation protocols are well 

known in the art. . 

Ate-**. 4e sequence encoding chitobiase may be introduced » eukaryottc 
cells, including yeas, mammalian, plan, and insect ceils. For example, the sequence 
encoding chitobiase may be inserted into a yeas, artificial chromosome, a yeas, plaamd 
a bovine papilloma virus vec,or or outer e^achromosomal ,* a — vector, 
Ti-plasmid, or a baculovirus vecto, A variety of such vectors are known to those 
skilled in the art. The vectors may be introduced into any of the yeast, mammahan, 
plant, and insect cells familiar to those skilled in the art. 

The introduction of the reporter gene construct into mammalian cells can 
Ukewise utilize a number of transfection protocols well known to those of ski . tn .the 
w As discussed above, transfections can be transient or stable. Examp.es of suttable 
transfer protocols include calcium phosphate transfection, DEAE-Dextran, 
Ilrlion, liposome W^^^ 
eukaryotic transformation protocols are well known m the art. 

Following introduction of the reporter gene construe, into the host cell of 
interes, the enzymatic activity of the reporter gene is measured^ Preferably the 
chitobiase assays are performed after permeabilizing or lystng the hos, cells. There axe 

skill in me art, including methods such as Nation or lysozyme treatment One 
embodiment of me present invention uses toluene treatment to permeabtu. ^ 
details of this method are discussed in D.Y. Kalaba. e, al., BtoTechntoues 25.i030.1035 

Cold Spring Harbor, NY .992, the disclosures of which are incorporated heretn by 
reference in their entireties. 

Cellular chitobiase activity can be measured quantitatively by followmg the 
hydrolysis of chitobiase substrates. Examples ofsubstia.es with utility in chitobiase 



-12- 





10 



15 



CP 



G 

S3 20 



25 



30 



activity assays inSe M r-diace.y.chi.obiose (chitobiose),p-nitiophenyl-W-ac=tyl-B- 
D-glucosaminide (PNAGXSigma Chemical, St. Louis, MO), and 5 -bromo4<hloro- 3 - 
indolyl-W-B-D-glucosaminide (X-Gluc)(Sigma Chemical, St. Louis, MO). Other 
substratesarealsocontemplatedforuseintheassaysofftepresentinvenuon. 

Products produced by the hydrolysis of to chitobiase substrates are momtored 
using various means familiar to those skilled in the art. For example, various optical 
means are known to those skilled in the art. One such optical means may compnse 
detectionofchemiluminescen. or foreseen, products released from a substrate^ 
Alternatively, the level of chitobiase activity may be determined by measunng the 
amount of Ugh. absorbed by a product produced from a substrate or measunng a 
decrease in me amount of adetectable substiate. In one embodiment, p-rutropheno. ,s 
leased from the substrate and measured at 400 nm. Other monitoring methods well 
known in tire ar. can be used to quantise signals produced in the chitobiase assay. 
These may inlcude use of radioactive substrates or substrates having radiofreuuency 
tags. In another embodiment, blue/white colony indicatorpla.es areused.o monrtor 
enzyme activity. 

Another embodiment of the present invention is a kit. One aspect of tins 
embodiment includes a reporter gene construe, comprising a vector contamurg a 
chitobiase reporter gene. The reporter gene constiuc. also contains a mutaple c omng 
site containing a variety of restriction endonuclease cutting sites mat fachtate the 
introduction of exogenous DNA into the construct. 

The ki, embodiment of the present invention also includes those components 
necessary to assay for chitobiase activity produced by the reporter gene construct. For 
example, in one embodiment, the ki. will include a supply of a suitable ch.tob.ase 
substrate whose meiabolism into product by ft. reporter enzyme can be assayed. 

EXAMPLES 

The following Examples are disclosed to assist in the understanding of the 
present invention. The Examples below should not be construed to limi. fte scope of 

would be wiihin ft. purview of one of ordinary skiU in the art and are constdered .o 
within the scope of the invention hereinafter claimed. 
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Example 1 
rrnisfr™^™ 1 nf Vectors 
Vectors were ***** -tag polymerase chain reaction (PGR) products that 

(pKSn + >(Stratagene ; San Diego, CA). The nucieotide sequence of ail PCR products 

p,asmid DNA was isolated from an £ coU tan strain when cuthng wrth 4. Bc« 

chitohiase gene (see Jannatipour, M., e, a!.). Briefly, the V. ^ 

nI York 0984)]. The clones containing the gene of interest were detected by the 
bXre sprayed with 10 mM PNAG dissolved in 100 mM sodium phosphate, P H 7.0. 

20 Wd,ta °™:Classuhc,onedi„a,,- kb ^^en, trompRSGH ISee 

• « ,, »l "Translocation of Fib*, WT-<hacetylchitobiase to the 

Jamrattpour.M.eta,., TranslocaU 76P;3785 . 37 91 (1987)] into the 

outer membrane of EsckervH.a col,, J.BactenoW 
toRI site of pUC19 [Yanisch-Perron, c.J. etal., Gene 33. 103-119 (19«:»l 

L outer membrane of EscHericUa «,«.," J. Bacteriol. 769:3785-3791 (19^ 

T hep R SG,96plasmidwasalsocutwith S pMa.d^Itoaccomm^4e 

30 Coupling of DNA replication to growth rate in ***** «* * P«* 
3„ Couplmgo '„ JBacteriol 172:20 13-2019 (1992) hereby incorporated by 

guanosinetetraphosphate, J. Bactenol. 1 TGOTCATTA 
reference] served as template wth primers 5 -GCA CAT OCA 
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AAT TTT CC-3^EQ ID NO 1) and S'-CGO GOT ACC AAC TCA TCC TGC AAT 
CG-3' (SEQ ID NO 2) producing a PCR product 374 bp long that contains 353 bp from 
the dnaA promoter region (bases 583 to 935, numbering according to Hansen, F. 0., « 
d "The nucleotide sequence of the dnaA gene promoter and of the adjacent rpmH 
gene coding for the ribosomal protein L34, of EscHericHia «.«,» EMBO J. 1:1043-104. 
(.982)1 The forward primer (SpHl primer II) conned anSpM site and the reverse 
primer (Kpnl primer) contained a Kp* site for cloning. This created an in-frame fusron 
between the ammo-terminal 17 amino acids of DnaA and the carboxy-terminal end of 
chitobiase deleted for the anuno-termina. 22 amino acids including the signal pepude. 

The next step in constructing the pDYK9 vector was taking the 3270 bp Dral- 
mm (partial digest) fragment containing me dnoA-M fusion and ligating it to me 
pACYC184 2555 bp HmcII-rYmdin fragment carrying cMoramphenicol-resistance 
(Cmr) and the PI 5 A origin. This fragment was described to Chang & Cohen, 
"Construction and characterization of amp.if.able multicopy DNA cloning vehrcles 
derived from the pi 5 A cryptic miniplasmid," J. Bacterid. 134:1 141-1 156 (1987). 

A ML site was introduced at the Acc\ site after digestion with M treatment 
withMungbean nuclease, and ligation to phosphorylation linkers (New EngUnd 
Biolabs, inc.; Beverly, MA). AIM site was introduced atthe^I site after digestion 
with Asel, treatment with Mung bean nuclease, and ligation to phosphorylated No.l 
lmke rs (New England Biolabs, mc, Beverly, MA). AnXbal-Sphl PCR product 
containing the rrnBUC terminator was ligated into tins plasmid cut with me same 
enzymes creating pDYK7. E. coU chromosomai DNA served as template with pnmers 
5,CTA GTC TAG ATG CCG AAC TCA GAA GTG A-3' (SEQ ID NO 3) and 5 -GCA 
CAT GCA TGC GGG GGA TGG CTT GTA GAT-3' (SEQ ID NO 4) to produce a PCR 
product 357 bp long mat contains bases 6534 to 6869 from tire rrnB operon [numbenng 
according to Brosius, J., e. al., "Gene organization and primary structure of a n osomal 
RNA operon from ***** «*" J. Mol. Biol. 148:,07.,27 (.981), and rncludes 
me c„mp.ex tra^cription termination region of this operon which is described » Orosz, 

A etal . A ^rflta«»^««^«^^ rftofl ^ 

coli rrnB gene," Eur. J. Biochem. 207:653-659 (1991). The forward primer contamed 
mXbal site and the reverse primer contained an Sph\ site. 
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A &/I JSpCR product containing the X attP site was ligated into pDYK7 cut 
with mil 11, treated with Mung bean nuclease, then digested with Bell. Plasmid 
P HN894 [described in Goodman, S. D., et al., '^formation of DNA during s«e- 
specific recombination of bacteriophage lambda: Replacement of IHF protein by HU 

^--^^"^•^^^^"""""^ 

ATO A-3' (SEQ ID NO 5) and the reverse prime, S'-OOG GGC GCC TAC CTT TCA 
CGA G-3' (SEQ ID NO 6) producing a PGR product 466 bp long to contains the X 
^Psite rhe466bpPCRproduc.containingthe X a,,P site was firs, cloned mto the 
M site of the pKSIH p.asmid ,o produce pDYKS. The forward prime, contents a 
B M site and the reverse primer contains G's at the 5' end in order to recreate a , S^I 
site when cloning the PGR fragment into a S«I site. This PGR product mcludes base 
21 , ,o + 241 from the center of the a«P core and the sequence required for optrmum X 
" a „P site integration as described in Nagaraja ft Weisberg, "Specificity —nan, s ,n 
feattachmentsitesofbacteriophagesHKOZZand V J- Bacterid. 
(,990) The orientation of a«P is such to when the fusion is integrated at MB, the 
ascription direction of inaApl mlp2 promoters is the same as replication fork 
movement mimicking the orientation a. the wild type dmA promoters. 

Vector pDYKl 1 (SEQ ID NO: 12) was constructed by ligating an Sphl-Kp* 
, PGR product coniaining me , pm H-,naA promoter region into pDYK9 a,so digested 

^.and^I. «^^".^ taa ^*^* ( i^ 

served as template with the primers 5'-CAT GCA TGC ATG 

CC-3' (SEQ IDNO 7) and 5'-CGG GOT ACC AACTCATCC TOG AAT CG-3 (SEQ 
m NO 8) to produce a PGR product 6.6 bp long to contains 598 bp from the^- 
u d naA regulatory region [bases 338 to 935, numbering according to Hansen, F. O, e. al„ 
(,982), Thctovardprimer^MprimerDcontoedanSpMsiteandftereverse 
primer^IprimOeontaineda^lsiteforcloning. SEQ ID NO: provides »e 
complete coding sequence of the DNA encoding the dnaA/chitobiase & ,on proten. 
The complete sequence of me dnaA/chitobiase fusion protein is prov.ded m SEQ 

30 "The vector pJMF3 (SEQ ID NO: 13) was constructed by firs, ligating .4.1 

Hnker (5 ' -C ATT AATGCATG-3 ' (SEQ ID NO 9) self-hybridized) into the Sphl s,.e of 
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pDYKl 1 The pUC19, [described in Yanisch-Perron C, et al., "Improved M13 phage 
cloning vectors and host strains: nucleotide sequences of the M13mpl8 and pUC19 
vectors » Gene 35:103-19 (1985)] Asel-Kpnl fragment containing the /acPO-polyhnker 
region was ligated to this plasmid after digestion with Asel and Kpnl. The resultmg in- 
fram e fusion between the ammo-terminal 21 amino acids of the P UC19 ,acZ(a) peptide 
[Yanisch-Perron C, et al., 1985] and the carboxy-terminal end of chitobiase deleted for 
the amino-terminal 22 amino acids is identical to the protein fusion in P RSG196 

[Jannatipour, M., et al., (1995)]. 

Vector P JMF4 (SEQ ID NO: 14 ) was constructed by ligating the BamHl- 
EcoRV fragment of pDYK8 containing the > v attP site into pDYK7 which had been 
digested with Tthl 111 treated with Mung bean nuclease, then digested with BcR, to 
create P TKP9. This reversed the orientation of the attP site relative to the attP site in 
pDYK9 The pDYKll BspMll-Kpnl fragment containing the rpmH-dnaA promoter 
region was then ligated into P TKP9 digested with the same enzymes to create pTKPl 1 . 
This reversed the orientation of the attP site relative to the attP site in pDYKl 1 . An 
Asel linker (5 ' -CATT AATGC ATG-3 ' (SEQ ID NO 10) self-hybridized) was ligated 
into the Sphl site of pTKPl 1 to create P JMF2. The P UC19 [as described in Yanisch- 
Perron C., et al., (1985)] Asel-Kpnl fragment containing the /^O-polylinker region 
was ligated to pJMF2 cut with Asel and Kpnl to create pJMF4. 

Example 2 
Sitp-s pecific Recombination 
To move the chitobiase fusions in pDYK9 and pDYKl 1 .0 .he <,«B site in the 
chromosome, Notl fragments from these plasmids were self-hgated and transformed or 
eiectroporated into strain WM2269 (DH5« containing pLDRS) [See Zyskind, J. W. and 
S I Bernstein (1992) "Recombinant DNA Laboratory Manual," Academic Press, San 
Diego CA]. Hasmid P LDR8, described in Diederich, L. L. J., e. al., "New domng ^ 
vectors for integration into the X attachment site ma of EscHericHa col, chromosome, 
Piasmid 28: 14-24 (1992), expresses integrase from me X P R promoter and contams the J. 
c h „ repressor gene, a ka^mycin resist gene, and a temperature-sensitive o„g,n of 
replication. The transformed or eiectroporated cells were incubated at 42°C wtth 
shaking for 30 min then moved to 37°C for 1 h followed by selection on Luna broth 
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agar plates comaX chloramphenicol (25 nU) « 42«C. Wormants were 
screened for loss of kanamycin resistance and, therefore, loss of pLDRS. 

Example 3 
Rarterionhage^ Transduction 
Transduction with PI bacteriophage by the meihod of Zyskind & Bernstein, 
Recombinant DKA Laboratory Manual. Academic Press, San Diego, CA (1992, was 
used to construct strains and to confirm the chromosomal location of the dnaA-M 
fusions. Cotransduction of Cm' (carried by the fusion) and ga« (linked to a«B) 
indicated that Cm' and g a,K are linked on the chromosomes of strains DYK9W, 
DYK9F, DYK1 1 W, and DYK1 IF. 

Example 4 
r ^.. ^w,! niito^ -' Activity Assay 
Chitobiase activity is located in the cytoplasm when its signal peptide is 
replaced by fusion with another peptide. Accordingly, chitobiase assays are performed 
rpermeLi^orlysedcel, Avarietyofpermabili.tionorceinys.p— e 
available to hberate the enzyme from within a cell population being tested. One uch 
protocol involves toluene-treated cells washed onee with M9 salts accordmg to the 
method of MiUer, ,H. A Short Course in Bacteria. Genetics, CSH Laboratory Press, 
Cold Spring Harbor, NY 1992, which is hereby incorporated by reference^ The 
LniLd cells are placed in a chitobiase buffer (.0 mM Tris-HCl, pH 8.0, and 0.5 M 
"^.MPNACthechitobiase enzyme substrate. Nad is included because 

activity occurring between 0.25 and 0.6 M NaCl. Toluenized ceils (0^72 ml) are 

mg/ml). After incubation at 2TC the reaction is stepped by the addttion of 1 ml f 1 M 

p . Nitt opheno, release is measured immediately a, 400 nm with a molar absorptrvtty of 
U x 10» titers mol"' em"'. Units are calculated after subtracting the light scattenng 
factor (1 .5 x OD s ,) from OD^o of the sample. The normalizing factor of U was 
determined previous* by measuring the Ugh, scattering ratio of bactena a, OD 400 and 
OD, S o. C^eunitofcWtobiaseactivi^smeamountofenzymemateatalyzesfte 
fjtionof. pmolofp-ni-phenolpermin^^C. For comparison to Mtller untts 
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of B-galactosidaseTsoribed in Miller, J. H., A Short Course in Bacterial Genetic, 
C„.d Spring Harbor Labors Press, Cold Spring Harbor, NY (1992)], the units are 
normalized to 1 ml of culture at OD 450 =1. 

Example 5 

(Figure 1) contain the lacPO promoter with the first 21 amino acids of lacZa 
(from P UC19) fused in-frame to the * gene. These plasmids also contain the X phage 
„„P recombination site in different orientations, the gene encoding chloramphenicol 
acetyltransferase (car), and a ribosoma, terminator, rrnB.1,2, inserted upstieam of the 
fusion to prevent read-through from other promoters. The chitobiase acfvtty 
.sociafcd with these plasmids (Table „ is high in me absence of .PTO because of 
titration of toe repressor expressed from a single copy chromosomal gene, induction by 
IPTG is approximately 10-fold (Table 1). 

Table 1. Chitobiase Activity oilacZ-chb Fusion" 



CWtobiase^uT 



Plasniid 




pJMF3 in DH5a 
pJMF4 inDH5a 

• Ovenugh, cu.ti.res were diluted 1 = 1000 ^ Sued to 
OD4S0-O.I. i niMIPTO was added to half of the culture, anugru 

» T^te Lples were assayed. Mean chitobiase activities are given with stintdard 

• $^«<m^^b^«>»*»*~^* 2 ™ Uni,SBiVM 

for 1 mL ^f^ijturejt OD4S0 - 1- 



The ,ac promoter can be replaced with another promoter and a fusion protem 
created with chitobiase by cutting with SpHl or A* and either Sail, Kpnl, or Sstl 
(Figure 2). Fusions created with mese vectors can be moved to the chromosome by stte 
specific recombination at the I a,,B site to permit single copy anaiysis of the activity of 
the promoter. The protocol, as described more fully in Diederich, et a,, "New 
vectors for integration into the X attachment site auB of MM «* o— me, 
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Plasmid 28:14-24 0992), involves two components, (i) a circular DNA containing the X 
attachment site, attP, the promoter-^ gene fusion, and the cat gene, and (ii) a helper 
plasmid, P LDR8, which contains the int gene under the control of the temperature- 
sensitive repressor, cl857 and a temperature-sensitive origin of replication. The 
plasmid is digested with Notl to remove the P15A origin, and the fragment containing 
the chitobiase fusion is self-ligated prior to transformation into cells containing pLDR8. 
Integration occurs by site-specific recombination between attP and attB (17.4 min on 
the E. coli chromosome, Figure 3). 

Example 6 

tt~ ntik* Phitohiase F "™" e to St1ldy H ™ A ° e " e re ^ lati ° q 

Two plasmids, pDYK9 and pDYKl 1 , discussed in the Examples above, were 
constructed to assess the regulation of the dnaA gene using chitobiase as a reporter 
enzyme These plasmids differ by the absence of the rpmH regulatory region in 
P DYK9 (Figure 4). These fusions were moved from the plasmid to the chromosomal 
attB site for single copy analysis as described above. After transformation of strain 
WM2269 with the ligated DNA, integration occurred by site specific recombination 
betweenthe^Pandthea^site, The orientation of attP in pDYK9 and pDYKl 1 is 
such that when the fusion is integrated at attB, the transcription direction oidnaApl and 
dnaApl promoters is the same as movement of the replication fork. This orientation is 
the same as at the dnaA wild type location. The genetic location of the fusions was 
confirmed in the Cm' transformers by demonstrating ^transduction of Citf and galK. 

The fusions created in strain WM2269 were moved by PI transduction to 
MG1655, creating strain DYK9W with pDYK9 and strain DYK1 1 W with pDYKl 1. 
Deletion of the ^promoters had very little effect (1.4-fold) on chitobiase activity 
25 (Table 2 5 compare lines 1 and 3) 
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10 



15 



Table 2. ChitoSe and P -Gal Activities of dnaA-cht and d naA-lacZ Fusions in 
1 aoie wt ^ Mutant Backgrounds 




DYK11W^+ 
DYKllF^s::985 

DYK9W./W+ 
DYK9F yi5::985 
RB220 

T?220fis::161 

Triplicate samples were assayed during exponential growth. Mean chitobiase 

given for 1 niL of culture at OD 45 o - 1 • 
: Data from Reference 8. 

1 Unit defined in Reference 13. . 



Fis protein binds to a site in the imApl P™><*« ,h * *» ^ T^! 
(Figure 5), artd appears to be a repressor of DnaA expression. A tusion protein ^ B- 
galactosidase activity that is expressed from the r pm H-6naA regulatory region has 
increased B-galactosidase activity (1 .9-fo.d) » .Jlr mutant when compared to Fts wud 
type ceUs [as describee in Froelich, J. M., e, al., "Fis binding in the dnaA operon 
promoter region," J. Bacteriol. 77*6006-6012 (1996), data shown in Table 3). 
Similarly, the absence of Fis leads to a greaKr man 2-fo.d increase in chi,„b,ase acttvny 

. . ■ t a. rvvKQF and DYK1 IF strains, comparable 
of the DnaA-chitobiase fusion protein for the DYK9F 

in extent to that observed with the dnaA-lacZ fusion strain, TP220 (Table 3). 

ta the reporter gene constructs discussed in the Example, all upstream 
optional activity was prevented from entering the * reporter gene. The 
vectors, pJMF3 and pJMF4, described in the Examples above, contained the nn M ,2 
terminator upstream of the promoter fusion, which prevented readthrough from 
chromosomal promoters near the insertion site. Only chitobiase activity ongmattng 
from the promoters of interest was expressed. 
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11 ,~a ^tporntinn a tTe chromosomal attB in a 
The attP site in these vectors allowed integration at xne 
^orien^on.de^ngon.hevecu.rused. Wi^ese vectors any c Wt ^ 

Ln involving a, essentia, gene ean be moved «o the chromosome, thus pemutung 
si » gl e copy analysis with a chromosomal orientation similar <o *e -Id-type gene. 

Example 7 

1,1, nlifinti" i" Test Sentences 

A nucleic acid prospectively containing a promoter is inserted upstream of a 

* I randomly generated DNA fragment, such as a fragment generated ustng shotgun 
cloning techniques, a restriction fragment, or any other sequence. 

chitobiase are introduced in. an appropriate host ce U . The .evel of chitobiase acnvrty * 

me insert indicates the presence of a promoter in the tnsert 

.nsomeembc^toents.meacUvityofu.epromo^mme^sequen.mab^ 

promoter In addition, the activity of the promoters may be examtned » me presence o 
or absence of compounds to be tested for activity as drugs. 
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Promoter sequences within the test sequences may be further defined by 
constructing nested deletions in the test sequences using conventional techniques such as 
Exonuclease III digestion. The resulting deletion fragments can be inserted into the 
promoter reporter vector to determine whether the deletion has reduced or obliterated 
promoter activity as determined by measuring chitobiase activity in cells containing the 
deletion vectors. In this way, the boundaries of the promoters may be defined. If desired, 
potential individual regulatory sites within the promoter may be identified using 
techniques such as site directed mutagenesis or linker scanning to obliterate potential 
transcription factor binding sites within the promoter individually or in combination. The 
effects of these mutations on transcription levels may be determined by inserting the 
mutations into the cloning sites in the promoter reporter vectors and measuring the levels 
of chitobiase produced from the mutated promoters. 

The activity of known promoters may also be monitored by operably linking them 
to a nucleic acid encoding a cytoplasmic form of chitobiase. The activity of the promoters 
may be analyzed under various environmental conditions as described above. In addition, 
the activity of the promoters may be analyzed in the presence or absence of compounds to 
be tested for the ability to affect transcription from the promoters. For example, the 
compounds may be tested for activity as drugs. 

In some embodiments, the chitobiase reporter constructs may be used in systems 
for identifying compounds that modulate cell surface protein-mediated activity or 
compounds which modulate the activities of intracellular signaling systems. Techniques 
for using reporter genes to identify compounds which modulate cell surface protein- 
mediated activity have been described in U.S. Patent Number 5,401 ,629 and U.S. Patent 
Number 5,436,128, the disclosures of which are incorporated herein by reference in Iheir 
entireties. ' Briefly, in such methods, a construct comprising a promoter operably linked to 
a nucleic acid encoding a reporter enzyme is introduced into cells which express the cell 
surface protein and cells which do not express the cell surface protein. Each of the cells 
are contacted with test compounds and the effects of these compounds on transcription 
levels is measured by determining the level of activity of the reporter enzyme. The level 
of expression of the reporter gene in cells expressing the cell surface protein is compared 
to the level in cells which do not express the cell surface protein to identify compounds 
that modulate cell surface protein activity. 
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Similarly, the chitobiase reporter constructs may be used to identify compounds 
which influence the activity of intracellular signaling pathways, such as cAMP-based or 
phosphorylation-based pathways. In such methods, a promoter which is activated via such 
pathways is operably linked to a nucleic acid encoding a cytoplasmic form of chitobiase. 
The cells are contacted with test compounds. Those compounds which activate the 
pathway to which the promoter responds will produce an enhanced level of chitobiase 
activity in the cells as compared to the level of chitobiase activity in control cells which 
have not been contacted with the test compound. 

Example 8 

Detecting Successful Transformation o r Transfection Using Chitobiase 
A vector comprising a sequence encoding a cytoplasmic form of chitobiase 
operably linked to a sequence capable of directing transcription of the chitobiase gene is 
introduced into a host cell. The host cells are contacted with a chitobiase substrate and 
those host cells which contain chitobiase activity are identified as cells which were 
successfully transformed or transfected. In some embodiments, a portion or replica of a 
colony may be lysed or permeabilized prior and the lysate or permeabilized cells may 
be contacted with the chitobiase substrate. 

CONCLUSION 

New gene reporter systems that use chitobiase have been described. Chitobiase 
has advantages over other reporter gene systems in that chitobiase is not found in many 
cell lines traditionally used in reporter gene systems. 

Finally, the forgoing examples are not intended to limit the scope of the present 
invention, which is set forth in the following claims. In particular, various equivalents 
and substitutions will be recognized by those of ordinary skill in the art in view of the 
foregoing disclosure, and these are contemplated to be within the scope of the present 
invention. All references cited herein are incorporated herein by reference in their 
entireties. 
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